Problems of inadequate nutrition and energy intake are common in the aging population. Smell and taste deficits associated with Late-Onset Alzheimer's Disease (LOAD) may accentuate the decline in nutritional status of elderly individuals and indirectly enhance progression of cognitive problems in LOAD. The objective of this study was to explore and characterize smell and taste recognition abilities in early stages of LOAD, beyond that of normal healthy aging. A total of 29 healthy-younger subjects aged 18-40 (HY), 13 healthy-elderly (HA) and six elderly adults diagnosed with LOAD (AD) aged 60-85, were recruited from the Guelph community. The Sniffin' Sticks Screening Test (SSST) and Taste Strips were used to test olfactory and gustatory functions, respectively. Participants also completed the mini-mental state examination (MMSE), clock test and word recall tests to assess cognitive/memory skills. Compared to HA individuals, people with AD had significant odour recognition impairment. Correlation analysis also revealed an age-associated decline in overall taste ability. When specific tastes were examined, impairments in sour and bitter identification were observed with increasing age. However, no significant differences in specific taste abilities were found between HA and AD individuals. In predicting health status (ie. presence or absence of LOAD), an assessment of all variables in this study was conducted using Generalized Linear Model (GLM). Results showed that sweet recognition and clock test scores were the best predictive variables of health status. However, this is a preliminary model that needs refinement through further research using more individuals.
ate-Onset Alzheimer's disease (LOAD) is a progressive neurodegenerative disease affecting elderly individuals aged 60 and older [1] . Deficits in odour identification are apparent in early, pre-symptomatic stages of LOAD, while odour sensitivity decline seems to occur in later stages of the disease. The decline in olfactory identification may be a reflection of neuropathology that is the LOAD hallmark. Some odour information from the olfactory bulb is received in the entorhinal cortex which is also the location of the first appearance of neuritic plaques (NPs) and neurofibrillary tangles (NFTs) prevalent in individuals with LOAD [2, 3] . It is the accumulation of these plaques and tangles, in the early pre-clinical stages of LOAD that may be responsible for disrupting essential olfactory information processing needed to identify odours.
There have been studies to suggest that, like odour identification, taste identification is also impaired in the early-stages of LOAD [4] . This may be due to changes in the innervation of the taste buds. After ingestion of a tastant, taste buds are activated and gustatory information is carried by the facial (VII), glossopharyngeal (IX) and vagus (X) nerves to nuclear regions of the brain for processing [5] . Specific studies on patients with LOAD reveal significant declines in the innervation of taste buds located in the foliate and circumvallate papillae [6] . As well, more recent studies at the level of the taste bud demonstrate that brain derived neurotrophic factor (BDNF) is essential in the development of fungiform papillae taste buds [7] . In LOAD, the presence of NPs attenuates the transcription of BDNF in the hippocampus, thereby altering taste sensations [7] .
Research in senile-dementia cases (not exclusive to LOAD) illustrated significant losses in the ability to identify the four basic tastes (sour, sweet, salty and bitter) [8, 9] . Significant impairments in overall taste and individual basic tastes have also recently been found in individuals with LOAD in comparison to individuals with mild cognitive impairment (MCI) and age-matched controls [10] . However, a comparison of taste abilities with younger adults has not been conducted. It has been estimated that for every 100,000 persons at risk for Alzheimer's disease, the prevalence of developing Alzheimer's disease in individuals under the age of 60 is less than 0.5% [11] . Because the incidence of developing Alzheimer's is rare in younger adults, we have assumed that the population of younger adults recruited for the study did not have Alzheimer's and were a healthy control population. Therefore, the objective of this study was to investigate smell and taste function in early-stages of Following the neuropsychological tests, the smell and taste tests were administered to each participant individually. To assess olfactory identification abilities, participants were subjected to a brief olfactory test, called the Sniffin' Sticks Screening Test (SSST) (Burghart Medizintechnik, Wedel, Germany). The test contained 12 pen-like devices with felt tips encapsulated with different odours (4mL odorant dissolved in propylene glycol). Volunteers sniffed each penlike device in a natural manner, placing the stick approximately 2cm under the nose. They then identified the smell from a list of four written options. Each written option was also accompanied by a picture of that option. To reset olfactory receptor neurons (ORNs), there was a waiting period of 30 seconds in between each stick. For all 12 sticks administered, participants sniffed alternatively under the right and left nose. To assess taste abilities, Taste Strips were used (Burghart Medizintechnik, Wedel, Germany). Each taste strip was comprised of a strip of filter paper with a 6cm long handle and a 2cm2 tip area impregnated with different concentrations of bitter, salty, sweet or sour taste solutions. Four concentrations for each of the basic tastes were administered: sweet (0.4, 0.2, 0.1, 0.05g/mL sucrose), sour (0.3, 0.165, 0.09, 0.05 g/mL citric acid), salty (0.25, 0.1, 0.04, 0.016 g/mL NaCl), bitter (0.006, 0.0024, 0.0009, 0.0004 g/mL quinine hydrochloride). Four blank strips were also included in this study to provide a no taste option to the participants. Each strip was placed on the right or left anterior one third of the extended tongue, alternatively. The strips were rubbed 3-4 times on the lateral, medial and tip of the tongue. Participants indicated whether the strip was sweet, salty, sour, bitter or had no taste. The written options "sweet", "salty", "sour" "bitter" and "no taste" with visual aids served as examples to assist in making the decision. In between each strip, volunteers sipped water to cleanse their palate and wash out any residual taste from the previous strips.
Twenty taste strips were evaluated by each person in a series of four blocks of five strips. The five strips were the four tastants plus the blank. Presentation of the strips was randomized within each block. The first block of five strips administered to the participants contained the lowest concentrations of sweet, sour, salty, bitter and a blank strip. The next five strips administered, were at concentrations higher than the first block. Presentations of the blocks continued until the maximum intensity of tastants were administered.
Analysis
For analysis, responses to demographic questions were collated to determine the ages and the number of males and females completing the test. The highest education level completed was allocated numbers such that: 0= no schooling, 1= grade school, 2= high school, 3= college/undergraduate, 4= graduate. The number of pharmaceutical drugs consumed by participants was also determined.
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Vol. 4, No. 1, Fall 2010, 57-64 Data collected from the MMSE test, clock test and word recall tests were used to determine cognitive skills. The MMSE was scored out of 30, with points allocated for correct responses. The clock drawing test was scored using the free-drawing Freedman method, which uses a 15-point scoring system; six points were given for numbers and hands, two points to contour, and one to the center [15] . The CERAD immediate recall score was the sum of three trials, out of 30, while delayed recall consisted of one trial out of 10.
Counts of correct responses from the smell test (scored out of 12), overall taste test (scored out of 16) and for the individual basic tastes (each scored out of four) were made and these counts were used in all data analysis.
Statistical analyses of all of the data were done in "R" foundation of Statistical Computing, version 2.10.1., Copyright 2009. Means and standard deviations were tallied and tabulated for participant demographic profiles (age, gender, highest education completed and number of pharmaceutical drugs taken). A Kruskal-Wallis rank sums test was conducted to determine if significant differences in demographics and smell and taste recognition abilities existed among the three groups (HY, HA and AD). A posthoc analysis was performed using Multiple Comparisons after Kruskal-Wallis. For comparing age in the three groups, a one-way ANOVA and a post-hoc Tukey's HSD test was conducted. Correlation analysis to determine the association between neuropsychological and demographic factors with the smell and taste recognition tests was conducted using Spearman's. To find the subset of variables highly influencing health status (ie. presence or absence of LOAD) in this study, a step-wise multiple regression analysis called the Generalized Linear Model (GLM) was used. GLM is a linear model used to fit a line to data that do not exclusively follow a normal distribution [16] . The process automatically predicts which variables to add and drop based on the proportion of variance it has upon health status. The Akaike Information Criterion (AIC), as shown in Table 6 , is the method of selecting a model from a set of models. The final linear model selected should be the closest fit from the truth, except for a few parameters [17] . The estimates (b coefficients and constant) can be used to construct a prediction equation and generate predicted health status for further analysis.
RESULTS AND DISCUSSION
The aim of this study was to examine differences in chemosensory deficits experienced in normal aging and in LOAD. For this purpose, we recruited AD, HA and HY individuals. Age, sex, education level and the number of medications taken by each participant were recorded, and means and standard deviations were tabulated in Table 1 . The demographic profile in Table 1 shows that healthy aging and AD groups were matched for age (p = 0.46). All three groups were also matched for percentage of women (p = 0.24) and for highest achieved education level (p = 0.074). HY individuals take significantly less medications than HA or AD groups (p = 8.59 × 10-6).
The demographic factors in Table 1 (age, sex, education level and medication) were correlated with smell and taste abilities ( Table 2) . Overall taste identification as well as sour and bitter identification decreased as age increased, as shown by the significant negative correlations in Table 2 . There are many reasons why taste dysfunctions occur, including situations such as tooth loss, upper respiratory infections, head injury and decreased saliva production [18] . The combination of increasing age and medication intake may be the most debilitating contributor of taste disorders in the elderly, particularly when multiple pharmaceutical drugs are being consumed [19] . This is confirmed from the results of this study, where a high medication count was related to poor overall tasting and bitter recognition performance ( Table 2) . It has been estimated that people over the age of 65 only comprise 13% of the population, yet they consume about one-third of all prescribed medications [19] and almost all elderly individuals take multiple pharmaceutical drugs. This is confirmed in the current study. All of the elderly adults (AD and HA) consumed multiple drugs (mean counts of 3.33 and 2.46, respectively; Table 1 ).
The aptitude to identify sweet and salty were not significantly affected by age in this study while sour and bitter were ( Table 2) . Although females had higher mean performance scores in both smell and taste identification tests only bitter identification was significantly different between males and females (p= 0.037). Table 2 shows a significant correlation between women and higher bitter recognition 
abilities. It is well documented that women are more likely to be supertasters of bitter substances when compared to their male counterparts [20, 21] possibly due to their anatomy. Not only do women have more fungiform papillae and taste buds than men, they also have concentration differences of cAMP and cGMP in nasal mucus [22] and parotid saliva [23] possibly leading to gender differences in smell and taste function.
Smell and overall taste function
Mean smell and taste recognition abilities are shown in Table 3 and the median and spread of smell identification scores in all three groups (HY, HA and AD) are shown in Figure 1a ). Healthy-younger (HY) and healthy-aging (HA) groups identified odours significantly better than AD individuals (p= 0.0027 and p= 0.012 for HY and HA, respectively) ( Table 4) . Results from Table 4 also confirm previous research showing greater decrements in the ability to identify odours in early stages of LOAD than in HA individuals [3, 24, 25, 26] . These findings are supported by anatomical characteristics of LOAD pathology. In presymptomatic stages of LOAD, one area of the brain where NPs and NFTs are first deposited is in the entorhinal cortex. This area of the brain has been shown to be involved in olfactory processing and memory consolidation [27, 28, 29, 30] . The hippocampus appears to also play a role in odour information processing [2] . A strong positive relationship between left hippocampal volume and odour identification ability has been observed [2] . In LOAD, significant left hippocampal volume loss was highly correlated with impairments in odour identification ability [2] . As shown in Table 4 , HA and AD groups have impaired overall taste abilities, compared to their younger counterparts (p=0.018 and p= 2.77×10-4 for HA and AD, respectively). No significant differences were found in overall taste abilities between HA and AD (p= 0.27). This is contrary to the recent findings of Steinbach et al. (2010) , who showed a reduction in gustatory performance in LOAD and mild-cognitively impaired (MCI) patients, over and beyond that which occurs in normal aging. The lack of significant findings for overall taste in the current study may reflect the low population size of AD compared to HA groups in this study.
Recognition of the four basic tastes
A post-hoc, Multiple Comparison after Kruskal-Wallis conducted on the basic taste data collected from each group revealed that identification of sweet and salty taste perception was not greatly impaired in AD or in HA ( Table  4) . Although differences for sweet identification scores were not significant between the three groups, the spread of data for sweet identification in the three groups is largely Figure 2a) . In contrast, the AD group showed large variations in sweet recognition, with scores ranging from zero to four. Salty identification scores had exceedingly small variability in AD and HA groups (Figure 2b) , with the majority of people scoring 2 and 3, respectively. Although research showed that perception of the intensity of sweetness and saltiness declines in aging, results of this study showed that sweet and salty identification is still maintained in healthy aging and in those with Alzheimer's disease. This could be important in preventing weight loss and nutritional status impairments. Sweet and slightly salty tastes are palatable to humans and are an indication of caloric food items. Further research should investigate finding the right balance between maintaining the nutritional status of healthy aging and Alzheimer's disease individuals, without the excessive intakes of sweet and salty foods.
There was an aging effect for sour taste recognition. HY individuals were more able to identify sour than HA (p=0.014) and AD individuals (p=3.1×10-4) ( Table 4 ). All AD participants achieved a low score of zero or one in their sour recognition test (Figure 2c) . However, no significant differences were found in the ability to identify sour between HA and AD groups (p=0.32). This is inconsistent with previous findings, showing AD participants having impaired sour recognition [10] . Medications can alter taste by reducing the function of channels and receptors or producing perceptual distortion of tastes [19] . Some medications have also been reported to enhance certain tastes. Some HA volunteers were taking anti-bacterial medication, which may have the effect of releasing protons and activating ionic taste channels, thereby producing a sour or metallic taste [19] .
Bitter recognition abilities for all three groups were contrasted in Figure 2d) . AD participants showed bitter impairments when scores were compared to the HY group (p=0.012) but not when compared to the HA group (p=0.71). Bitter recognition did not differ across ages in the healthy groups, HY and HA (p= 0.11). This may be due to the fact that the HA group took significantly more medications than their HY counterparts ( Table 1) .
Sour and salt detection are mediated through ion channels, specifically by epithelial amiloride-sensitive sodium channel and degenerin (ENaC/DEG). In contrast, sweet and bitter tastes are mediated through transduction signalling mechanisms involving the T1R family of Gprotein coupled receptors (GPCRs). In normal aging, a general taste loss may be occurring due to changes in cell membranes, altering the function of ion channels and membrane receptors [18] . Taste identification impairments in normal aging could also be attributed to reduced activations in the frontal operculum and insula cortex [3, 31] . These areas of the brain are responsive to taste stimuli and may be responsible for processing information about the identity of a stimulus. There is very limited research in this field and further investigations need to be done on the central decoding processes of taste in young and older adults.
Cognitive ability and its effect on taste and smell
Correlation coefficient (R) values for smell and taste against neuropsychological tests are shown in Table 5 . The inclusion criteria for healthy control participants is an MMSE score of >23. MMSE. Scores <23 is a warning sign clinicians use to detect possible cognitive impairment [12] . It is possible that these participants are in early, prodromal Alzheimer's disease, where initial brain lesions are occurring but symptoms were not severe enough to be classified as having probable Alzheimer's disease. The MMSE has poor discrimination to detect demented and non-demented people, when used in isolation [13] . It is also not very sensitive in detecting early-stage LOAD. The Clock-Drawing Test and the CERAD immediate and delayed word recall tests supplemented the MMSE test to assess memory and cognitive skills. The combination of these tests may be able to tap into a broad range of cognitive domains that may be impaired in LOAD. The results collected using the neuropsychological tests were highly dependent upon age and education level ( Table 5 ). Smell and overall taste recognition abilities were strongly and positively correlated to all neuropyschological testing results. When being exposed to a taste or smell stimuli for the first time and to be able to verbally recall that same taste or smell after a period of time, would have required memory consolidation. When doing the smell and taste test, participants consolidated and recalled the smell or taste to obtain the right answer. Similarly, the neuropsychological tests utilized in this experiment assessed all kinds of memory. For example, consolidation and subsequent recall of visual spatial information, motor programming and conceptualization of time would be needed for successful completion of drawing a clock. Thus, it may not be surprising to find similar brain areas, related to memory and recall, activated in both neuropsychological and chemosensory tasks in this study.
Stepwise GLM for screening independent variables most likely to predict health status We explored 14 variables in this study (age, sex, gender, highest education, MMSE, immediate word recall, delayed word recall, smell, overall taste, sweet, sour, salty, bitter) that may be the most predictive independent variables to model health status in older adults. The stepwise regression started with an AIC of 28. Many variables were eliminated until AIC reached 6, where the most predictive model of health status was determined. Compared to healthy aging individuals, clock drawing abilities are significantly impaired in LOAD [13] . The clock drawing test is a popular screening test for LOAD and has a high sensitivity to differentiate probable LOAD from normal individuals. The ability to identify sweet, however, should be investigated in further detail in healthy aging and LOAD individuals. Research efforts have identified the molecular mechanisms of sweet detection at the peripheral level but not much is known about the nuclear regions in the brain involved in sweet identification. Some studies describe that in aging, regional deficits on the tongue are more common than whole-mouth taste deficits [18, 32] . In this study, we investigated left and right sides of the tongue, making sure that the tip, lateral and medial left or right sides of the tongue were touching the paper strips. Past investigations have shown that in healthy young and aging adults, the ability to identify sucrose is higher on the tip and mid-lateral regions, than the postero-medial region [32] . Additional experiments should be done to investigate the four basic tastes in certain localized areas of the tongue in LOAD.
CONCLUSION
This is the first study comparing smell and taste status across ages and early stages of Late-Onset Alzheimer's disease. An age-associated impairment was found for sour and bitter identification. There was a LOAD-related impairment in the ability to identify odours but no such impairments were found for the four basic tastes, when compared to the HA group. However, a predictive model showed that the clock test and sweet recognition performance highly influenced variations in health status. Further research should look at studying smell and taste identification in HA and AD individuals, especially in certain localized areas of the tongue. More neuroanatomical research is needed to investigate how the four basic tastes are decoded in higher brain regions. These findings may be important step toward developing methods to in gearing research towards developing methods to maintain the nutritional status of those with LOAD. Furthermore, results may aid in establishing a chemosensory profile for those in pre-clinical stages to enhance current diagnosis criteria of LOAD.
